Objective: Hyperandrogenemia is the most frequent endocrine disorder in fertile women causing a variety of negative metabolic disturbances. Establishing the diagnosis of androgen overproduction has important implications for the follow-up and treatment of patients. The aim of our study was to identify the optimal laboratory marker of androgen production by correlating the markers to the presence or grade of increased body hair as a clinical sign of hyperandrogenism. Design: Prospective observational study. Methods: A total of 62 women with acne were included into the study. The serum concentrations of testosterone, androstenedione, dehydroepiandrosterone (DHEA), DHEA sulfate (DHEAS) and sex hormone-binding globulin (SHBG) were evaluated. The index of free testosterone (IFT) and a new index of hyperandrogenism (IHA) were calculated. The monitored laboratory markers were correlated to the presence or grade of increased body hair using several statistical methods. Results: The statistical signi®cance of differences between the average levels of laboratory markers between hirsute and non-hirsute women decreased in the following order: IHA, androstenedione and DHEA. Of all the above laboratory markers, only increased IHA was present signi®cantly more often in hirsute women. The signi®cance of correlation between the grade of increased body hair and the tested variables decreased in the following order: IHA, IFT, DHEA, androstenedione, DHEAS and testosterone. Conclusions: The clinical marker of hyperandrogenism correlates most closely to IHA, re¯ecting the levels of all commonly determined androgens or androgen precursors and SHBG. Its simple calculation makes IHA a suitable tool for determining total production of androgens in clinical practice, especially in cases with borderline elevations of values.
Introduction
Hyperandrogenemia is the most frequent endocrine disorder in women of fertile age. Increased androgen production causes a variety of well-documented negative metabolic changes (1±8). As a result, these women are at substantially higher risk of hypertension, coronary artery disease and non-insulin dependent diabetes mellitus (9±11). Moreover, many studies have demonstrated the hereditary nature of the underlying disturbance of steroidogenesis (12±15). This makes establishing the diagnosis of hyperandrogenism important from the clinical point of view and has implications for future treatment and follow-up of the patient.
Compared with other endocrinopathies, the diagnosis of hyperandrogenism is not based on the ®nding of decreased or increased levels of a single hormone. The dynamic test is not useful for the diagnosis either. Many laboratory markers or clinical signs are used in the evaluation of androgen production. The most often reported parameter is the level of testosterone or the index of free testosterone (IFT). However, increased levels of androstenedione or other androgen precursors (in many cases highly exceeding reference limits) is the only ®nding in many patients. Moreover, the fact as to whether the levels of androgens are close to the upper or lower reference value may be of importance.
The aim of our study was to identify the optimal laboratory marker for evaluation of androgen production. Besides the commonly monitored androgens and IFT, the value of a new index of hyperandrogenism (IHA) was calculated. The grade of increased body hair was chosen as a clinical marker of hyperandrogenism. The relationship between selected laboratory markers and the presence of hirsutism or grade of increased body hair was then established. 
Subjects and methods
Altogether, 62 women examined consecutively in an outpatient unit for acne vulgaris over the years 1998±1999 were included in the study. The inclusion criteria were age over 17 years and absence of systemic therapy over the past 6 months. Four patients, who ful®lled the diagnostic criteria for late-onset adrenocortical hyperaplasia during a shortened adrenocorticotropin (ACTH) test, were excluded from the study. All women participating in the study gave their informed consent. The ethics committee approved the study. Increased body hair was graded using the method of Ferriman & Gallwey (16) . Hirsutism was de®ned as a Ferriman±Gallwey score (FG-score) greater than 8. Blood was collected from all women in the early follicular phase, i.e. between days 3 and 6 of the menstrual cycle. The collections were made between 09.00 and 12.00 h. If spontaneous menstrual bleeding failed to occur until day 45 of the cycle, bleeding was induced by progesterone administration. The following parameters were evaluated: serum levels of testosterone (T), androstenedione (ADION), dehydroepiandrosterone (DHEA), DHEA sulfate (DHEAS) and sex hormonebinding globulin (SHBG). Based on the level of total testosterone and SHBG, the IFT was calculated: (IFT 100´T (nmol/l)/SHBG (nmol/l)). The IHA re¯ecting the levels of all monitored hormones was calculated according to the following formula:
The ®fth root in the formula was chosen for the best approximation to Gaussian data distribution enabling the utilization of simple statistical methods.) A shortened ACTH test was performed to exclude late-onset adrenocortical hyperplasia.
The levels of luteinizing hormone, follicle-stimulating hormone and testosterone were determined by chemiluminiscent assay using an ACS:180 autoanalyzer (Bayer Diagnostics, Munchen, Germany). The levels of DHEA, DHEAS and androstenedione were established using radioimmunoassay methods (Immunotech, IOT, Marseille, France).
The reference values for normal levels were as follows: testosterone 0.5±2.63 nmol/l, androstenedione 1.57±5.4 nmol/l, DHEA 0.8±10.5 mg/l, DHEAS 2.4± 14.5 mmol/l and SHBG 43.2±96.0 nmol/l.
Statistical analysis of data
The box±whisker plot, scatter plot, quantile plot and normal probability plot were used for outlier detection and for evaluating data distribution. Power transformation was applied to improve the distribution of the skewed data. 
Results
A statistical summary of the group is shown in Table 1 . Statistical signi®cance of differences between the means of laboratory markers in hirsute and nonhirsute women decreased in the following order: IHA (P < 0.006), androstenedione (P < 0.017) and DHEA (P < 0.043). The differences in DHEAS (P < 0.085), IFT (P < 0.092), SHBG (P < 0.096) and testosterone (P < 0.270) were insigni®cant.
The upper reference value for IHA determined from ROC graphs was 5.58. Fischer's exact test showed a signi®cant difference in the presence of hirsutism only between women with normal and elevated IHA (P < 0.05) ( Table 2) . The difference was absent in the other laboratory markers.
The signi®cance of correlations between the FG-score and the tested variables decreased in the following order: IHA (R=0.476, P<0.0002), IFT (R=0.364, P<0.005), DHEA (R=0.363, P<0.005), androstenedione (R=0.323, P<0.012), DHEAS (R=0.288, P<0.026) and testosterone (R=0.224, P<0.080).
Discussion
The basic inclusion criterion was the presence of acne vulgaris. This criterion enabled us to form a group of patients with frequently elevated androgen levels and different grades of increased body hair.
The presence or grade of increased body hair was chosen as a clinical marker of hyperandrogenism. It is the only clinical symptom correlating well with the level of androgens. This correlation was also con®rmed by our study. The results of Spearman's test demonstrated a highly signi®cant correlation of FG-score with IFT and DHEA and a signi®cant correlation of the FG-score with other androgens. This is an important argument supporting the essential role of androgen production in the clinical manifestation of increased body hair.
We are also well aware that the presence or grade of increased body hair is in¯uenced by the individual reaction of pilosebaceous units on androgens. However, this limitation is present with all laboratory markers and should not have an effect when comparing them.
Besides the commonly assayed androgens and IFT, a new index referred to as IHA has been reported. The IHA calculated the levels of androgen precursors and IFT, thus allowing us to take into consideration total androgen production and the level of SHBG. The calculation of IHA is simple and helpful for clinical practice.
The results of all statistical tests showed the strongest relationship between the presence of hirsutism or body hair grade and the value of IHA. The most signi®cant difference between hirsute and non-hirsute women was found in the mean value of this marker. IHA was the only marker whose value exceeding the upper reference limit was reported signi®cantly more frequently in hirsute women. Spearman's test demonstrated the strongest correlation between the value of IHA and the FG-score.
Our results clearly showed that the best correlation with the clinical marker of hyperandrogenism exists with IHA, an index which, we suggest, takes into account the levels of all commonly determined androgens and SHBG. Determination of the levels of a single androgen or calculation of the value of free testosterone seems to be less indicative of androgen production. By virtue of its simple and rapid calculation, IHA may become an important tool in the diagnosis of hyperandrogenism. 
